Understanding the factors affecting activities of daily living (ADL) is important in Alzheimer's disease (AD), because decline in ADL contributes to many poor health outcomes. Existing studies often investigate the factors in isolation without a theoretical framework. The purpose of the present study was to provide preliminary results on how cognition, physical performance, and behavioral and psychological symptoms of dementia mediate the relationship of aerobic fitness and ADL in AD. A cross-sectional analysis was used (n = 28: average age 78 [8] 
| INTRODUCTION
There is a pressing need to identify the factors affecting activities of daily living (ADL) as therapeutic targets in Alzheimer's disease (AD) (Yu, Kolanowski, Strumpf, & Eslinger, 2006) . Persons with AD show a hierarchical decline in ADL in instrumental ADL initially, and then basic ADL as AD progresses from the mild to severe stage (Arrighi, Gelinas, McLaughlin, Buchanan, & Gauthier, 2013; Kahle-Wrobleski et al., 2014) . It is well established that a decline in ADL significantly contributes to many poor health outcomes in persons with AD, including the use of home-based services, poor quality of life, accelerated dementia progression, and higher rates of hospitalization, nursing home admission, mortality, and health-care expenditure (Yeaman, Kim, Alexander, Ewing, & Kim, 2013) . Therefore, it is important to identify factors that affect decline in ADL as therapeutic targets in AD.
| Literature review
There is some evidence to suggest that three factors -cognition, physical performance, and behavioral and psychological symptoms of dementia (BPSD) -directly affect ADL and mediates the effects of other factors, such as aerobic fitness on ADL (Figure 1 ). Studies have demonstrated a positive association between global cognition and ADL well into the severe stage of AD (Allain et al., 2014; Delva et al., 2014; Wajman, Oliveira, Marin, Schultz, & Bertolucci, 2014) , and the association is stronger as AD progresses over time (Liu-Seifert et al., 2015) . Quantitatively, a one point worsening in global cognition, as measured by the Mini-Mental State Examination (MMSE), is associated with a three point decline in ADL, as measured by the Disability for AD (DAD) scale (Arrighi et al., 2013) . Certain discrete cognitive domains have also demonstrated robust relationships with ADL. For example, executive function, the ability to organize, plan, and sequence complex goal-directed behaviors have demonstrated a salient effect on ADL and care needs in healthy older adults (Royall, Chiodo, & Polk, 2000; Yu et al., 2006) . The preservation of executive function instead of memory has been linked to a slower rate of decline in ADL in AD (Pillai, Bonner-Jackson, Walker, Mourany, & Cummings, 2014) . Individuals with both AD and executive dysfunction have a greater decline in ADL compared to those with AD but without executive dysfunction (Freels et al., 1992; Swanberg, Tractenberg, Mohs, Thal, & Cummings, 2004) . Executive function further mediates the effect of memory on ADL (Royall, Palmer, Chiodo, & Polk, 2005) . In contrast, other studies have found no relationship between global cognition and ADL (Monaci & Morris, 2012) or visuospatial inattention and ADL (Liu, McDowd, & Lin, 2004) .
Physical performance is also positively related to ADL in older adults (Chou, Hwang, & Wu, 2012; de Vries et al., 2012; Gine-Garriga, Roque-Figuls, Coll-Planas, Sitja-Rabert, & Salva, 2014) . For example, stronger handgrip and leg strength are associated with less decline in ADL (den Ouden et al., 2013) , and gait speed predicts a decline in ADL (Donoghue, Savva, Cronin, Kenny, & Horgan, 2014) .
The association between physical performance and ADL was further extended to older adults with AD (Yeaman et al., 2013) . BPSD, particularly delusion, apathy, and depression, are associated with a decline in ADL (Rog et al., 2014) . However, the influence of BPSD is postulated to affect ADL to a lesser degree than memory impairment and executive dysfunction (Rog et al., 2014) , and depends on the severity of BPSD (David, Lin, & Porsteinsson, 2016) . Compared to individuals whose BPSD severity decreased or remained stable, those whose BPSD severity increased showed a more rapid and greater decline in ADL (David et al., 2016) .
In the past two decades, growing evidence has indicated that aerobic exercise training improves cognition, physical performance, BPSD, and ADL in older adults with AD (Pitkala et al., 2013; Rao, Chou, Bursley, Smulofsky, & Jezequel, 2014) . Based on the evidence, the functional impact of aerobic exercise training in AD (FIT-AD) Model postulated that physical fitness (e.g. aerobic fitness) might be an important factor affecting ADL, and its effect on ADL is likely mediated by cognition, physical performance, and BPSD (Yu, 2011). This study is the first to use the FIT-AD Model as the guiding theoretical framework to select the factors and to design the research questions and hypotheses.
| Study purpose
The purpose of the present study was to provide preliminary results on how cognition, physical performance, and BPSD mediate the relationship of aerobic fitness and ADL in community-dwelling older adults with AD.
| METHODS

| Design
A cross-sectional design was used to analyze the baseline data of a pilot study that evaluated the feasibility and effects of a 6 month, moderate-intensity cycling intervention on cognition in communitydwelling older adults with mild-to-moderate AD. We hypothesized that the relationship between aerobic fitness and ADL is mediated by cognition, physical performance, and BPSD, and that aerobic fitness is directly related to ADL (Yu et al., 2013) .
| Ethics approval and consent to participate
This study was approved by the university's institutional review board (approval no.: 0904M63982). Informed consent or assent/surrogate consent was obtained from all participants and their family members.
| Sample
The inclusion criteria were English speaking, community dwelling people, with resting heart rate <100 beats per minute, MMSE score 12-24, clinical dementia rating score 1-3, >60 years of age, verified AD diagnosis, and medical clearance for exercise. The exclusion criteria were unstable conditions in the past 6 months; neurological, psychiatric, or substance abuse disorders in the past 5 years; and Geriatric Depression Scale score >5. Potential participants underwent a three step screening, including a 30 min phone screen (health history), 2 h in-person interview (including informed consent or assent/ surrogate consent), and 1-2 week medical clearance (a letter sent to a participant's health-care provider to verify the diagnosis of AD and to confirm exercise safety) (Yu et al., 2013) . 
| Setting
| Variables and measures
The dependent variable was ADL. The independent variables included cognition (global cognition and executive function), aerobic fitness, physical performance, and BPSD. The potential control variables were intra-personal factors (e.g. AD stage, age, sex, and educational level).
Permissions to use the instruments were obtained. 
| Global cognition
Global cognition refers to the overall ability of the brain to perform intellectual function and was measured using the AD Assessment Scale -cognition (ADAS-cog). The ADAS-cog evaluates orientation, memory, recall, language, and praxis, but not executive function, and can be administered in 15 min. It has a total score of 0-70, with higher scores indicating worse global cognition. The interrater reliability of the ADAS-cog' is .65-.99 and test-retest reliability is .51-1.0 (Rosen, Mohs, & Davis, 1984) .
| Executive function
Executive function is defined as the ability to organize, plan, and sequence complex goal-directed behaviors. It has multiple dimensions, and was measured with the Executive Interview-25 (EXIT-25) (Royall, Mahurin, & Gray, 1992) . The EXIT-25 has 25 items assessing different aspects of executive function. Each item is scored from 0 to 2, with a total score range of 0-50. Higher scores indicate worse executive function. The inter-rater reliability of the EXIT-25 is .90.
| Aerobic fitness
Aerobic fitness is a type of physical fitness and refers to the ability of the heart to deliver oxygen to working muscles (American College of Sports Medicine, 2014). Aerobic fitness was measured using the shuttle walk test (SWT), which is an externally-paced incremental test and stresses the participant to a symptom-limited peak performance. We chose the SWT because it is a field test and does not need the expensive resources associated with a gold-standard, laboratorybased exercise test. The peak oxygen consumption (VO 2P ) achieved on the SWT is strongly correlated with the VO 2P achieved on a treadmill (r = .88) or on a cycle ergometer (r = .91) (Singh, Morgan, Hardman, Rowe, & Bardsley, 1994) . In the SWT, the participant walks a circuit around a pair of markers placed 9 m apart and is paced by a recording of beeps. The participant has to arrive from one marker to another at the time of the beep (one shuttle). Verbal cues -"stop"
and "walk" -were given, coinciding with the beeps. Distance walked and the highest walking speed were derived using a normative table (Singh, Morgan, Scott, Walters, & Hardman, 1992) .
| Physical performance
Physical performance was defined as the ability to carry out daily activities with rigor, and was measured using the Short Physical Performance Battery (SPPB). The SPPB has three performance-based subscales: balance, gait speed, and sit to stand. Each subscale is scored from 0 to 4, with a total score of 0-12. Higher scores indicate better performance. In the balance test, the participant is asked to perform each of three stands (side by side, semi-tandem, and tandem) for 10 s. The gait speed test records the time spent walking a 4 m course at usual speed. The sit-to-stand test records time for five consecutive chair stands. The SPPB's test-retest and inter-rater reliabilities were both >.90 in community-dwelling older adults (Guralnik et al., 1994) .
2.5.6 | Behavioral and psychological symptoms of dementia BPSD of older adults with AD were measured using the Neuropsychiatric Inventory -caregiver (NPI-Q). In the NPI-Q, caregivers were asked to rate the presence of 12 symptoms in the past month as "yes" or "no". The severity of each presented symptom ranged from 1 to 3, with a total score of 0-36. Higher scores suggest greater severity or distress. The inter-scale correlation of the NPI-Q was .91 (Kaufer et al., 2000) .
| Potential control variables
Potential control variables included the intra-personal factors of AD stage, age, sex, and education. AD stage was determined using the clinical dementia rating.
| Analysis
All data analysis was completed using SAS 9.4. Descriptive statistics were used to summarize the distributions of each variable using means, standard deviations, and ranges for continuous variables and frequencies and percentages for categorical variables. Diagnostic analyses were performed to examine outliers and ensure that the statistical assumptions were met. Pearson coefficient correlations were then calculated between independent and dependent variables to address the relationships between aerobic fitness, cognition, physical performance, and BPSD with ADL. Path analysis was computed using Proc CALIS in SAS to examine the influence of aerobic fitness on cognition, physical performance, and BPSD and their relationships to ADL (Olobatuyi, 2006) . Goodness-of-fit indices were used to determine the model fit, with preference for models with comparative fit index (CFI) ≥.95, non-normed fit index (NNFI) ≥.95, root mean square error of approximation (RMSEA) near .06, and standardized root mean square residual (SRMR) ≤.08 (Hu & Bentler, 1999) . Finally, a simpler model was specified to examine if the simpler model improved model fit (Klein, 1998) .
| RESULTS
The average age of the study sample was 78 (8) years, with 16 (3) years of education. Seventeen of the 28 participants were women (61%). The average score on the MMSE was 20 (4), and the ADAS-cog was 19.2 (8) ( Table 1) .
Pearson bivariate analyses showed that executive function, aerobic fitness, physical performance, and BPSD were significantly associated with ADL, respectively. Better executive function, aerobic fitness, and physical performance were significantly associated with better ADL (positive association), while more BPSD were associated with worse ADL (negative association). Global cognition was not associated with ADL. Executive function and BPSD were moderately and negatively associated with ADL, while aerobic fitness and physical performance showed a moderate, positive association with ADL (Table 2) . Aerobic fitness and physical performance were strongly and positively associated with each other (r = .81, P < .01). Table 3 .
We further specified a simplified path analysis model (Figure 3) to focus on global cognition, aerobic fitness, and physical perfor- Table 3 .
However, the models do not fit based on the cut-offs specified.
| DISCUSSION
The main findings of the present study indicate that both global cognition and physical performance have direct, positive associations with ADL in community-dwelling older adults with AD. Aerobic fitness is not linked to ADL directly, and its association with ADL was mediated by physical performance and global cognition; however, these findings are limited by the poor fit of the models and the inadequate sample size. The simplified model modestly improved the model fit. These findings suggest that aerobic fitness is a potential therapeutic target for designing interventions, as enhancing aerobic fitness could simultaneously improve several factors affecting ADL in AD.
These findings are preliminary but significant, because they highlight the limitations of existing studies that have often examined the factors affecting ADL in isolation without a theoretical framework.
For example, our Pearson correlations showed that executive function, physical performance, BPSD, and aerobic fitness were associated with ADL, respectively. However, when considered together in a path analysis, aerobic fitness no longer had a direct, positive association with ADL. Instead, its relationship to ADL was mediated by physical performance, global cognition, and BPSD.
Aerobic fitness was associated with global cognition, but not executive function in the path model, suggesting that domains of cognition might affect ADL differently. Global cognition was significantly associated with BPSD, which in turn affects ADL. There is a potential cascading effect from aerobic fitness to ADL through global cognition and BPSD. That is, older adults with AD and poor aerobic fitness might show more cognitive impairment and more severe Compared to participants who had reduced or stable BPSD severity, those with increased BPSD severity experienced more rapid and greater decline in ADL (David et al., 2016) . Our finding of a positive association between executive function and ADL is also consistent with the emerging evidence that supports the independent role that executive function plays on ADL in older adults (Freels et al., 1992; Pillai et al., 2014; Royall et al., 2005) . In addition, our findings indicate that aerobic fitness is associated positively with physical performance, and this association is the strongest among all the relationships examined. These findings are consistent with the established data in older adults without cognitive impairment (Chou, Hwang, & Wu, 2012; de Vries et al., 2012; Gine-Garriga et al., 2014) , and with the emerging findings in individuals with AD (Yeaman et al., 2013) .
Collectively, our findings suggest that aerobic fitness might be a physiological mechanism for aerobic exercise to generate cognitive benefits. For example, clinical trials in adults without dementia have consistently shown that aerobic exercise produced mild-to-moderate cognitive gains (Smith et al., 2010) . Because cognition relies on its biologic substrates in the brain, measures of these biologic substrates, such as gray matter volumes of the frontal, parietal, and temporal lobes and/or the hippocampus are increasingly measured in exercise studies. It has been demonstrated that gray matter volumes in the frontal, parietal, and temporal lobes and the hippocampus were increased in healthy older adults who had high aerobic fitness or participated in 6-12 month aerobic exercise interventions (Erickson, Weinstein, & Lopez, 2012) . Therefore, aerobic exercise training could improve aerobic fitness, which in turn favorably impacts multiple factors affecting ADL and is more effective at improving ADL in older adults with AD than an intervention targeting a single ADL factor. per parameter (Tanaka, 1987 ). The simplified model in our study had five variables; however, 10 parameters were estimated, so the sample size might be inadequate for performing the analyses employed in 
